Speeding is often the primary contributor to fatal crashes. Surprisingly, driving behaviors are indirectly affected by personal factors such as law-abidance, risk sensitivity, and situational adaptability. This research aims to verify the effectiveness of pavement markings at reducing the speeds of high-risk drivers. The purpose of this study is to establish how drivers (including law-abiding or law-breaking, highrisk or low-risk) react to different pavement markings in a driving simulator.
INTRODUCTION
Speeding has long been recognized as a major factor in the severity of car accidents. Overseas studies have identified speed as a factor in fatal road crashes. Surprisingly, they reveal that both law-breaking and low-risk drivers cause speeding, drunken driving, road rage, etc. Generally, drivers that break laws tend to think that it is better to ignore rules for personal gain than respect them. This attitude is very dangerous and may correlate to a higher likelihood of involvement in traffic accidents.
Engineering and enforcement methods as well as education have been used in an attempt to reduce speeding on roadways. Typically, high-risk drivers can be controlled through education and enforcement. But without enforcement and education it can be difficult to safeguard every possible high-risk location for high-risk drivers. There seems to be a lack of research on controlling drivers on various road facilities.
It is necessary to determine how high-risk drivers react to various road facilities. Therefore, this study was conducted to ascertain how each pavement marking will affect different groups' speeding tendencies on road facilities (including roundabouts, work zones, and curves). This study could also improve the understanding of high-risk drivers.
LITERATURE REVIEW

Review of Law-Breaking Dirvers and Driver Risk Sensitivity
Law-abidance and risk sensitivity have similar characteristics to each other. If drivers lack law-abidance and/or risk sensitivity, it can lead to dangerous driving behaviors. However, the intentions behind each of these dangerous driving characteristics are different. Risk sensitivity refers to the awareness of potential risks in traffic conditions. Therefore, it is the ability to cope with dangerous driving situations. Low-risk drivers sometimes enjoy driving dangerously for a brief thrill; however, they are unable to cope with the possible risks in different traffic situations compared to high-risk drivers. Law-abidance could be described as a psychological tendency of drivers to break rules despite the danger. For example, the car in front of a law-breaking driver runs a red light. The law-breaking driver follows closely despite the obvious danger. Law-breaking drivers also tend to speed in hazardous areas, such as sharp curves. Iversen and Rundmo (2002) found that drivers' characteristics are related to dangerous driving behaviors and traffic accidents, and drivers with high risk-taking levels had relatively more traffic accident experiences.
In relationship to law-abidance, Laapottia, Keskinena, and Rajalin (2003) argued that a negative attitude towards traffic laws showed high correlations with traffic accident involvement, and these drivers reported more drunken driving experiences than others.
In the study of Han and Lee (2002) Table 2 ).
Converging Chevron Markings are a series of white chevrons which are painted on the road surface. The chevrons are placed increasingly close together as a driver moves into the pattern. The number of chevrons per set has to do with the speed within the pattern which usually ranged from 5 chevrons per set to 10. 3. METHODOLOGIES
Effectiveness of Perceptual Countermeasures for Speed Reduction
Equipment
A Driving Simulator was used in this study. This piece of equipment allowed subjects to drive in a 3-D virtual reality environment for pavement markings.
Experimental Approaches
Every curve in the driving simulator consisted of a 300m
radius. Total lengths of each treatment (pavement markings)
were 280m long which include the straightway (tangent) to onset of curve (100m long) and curve (180m) on two lane roadways.
Detailed description of rod alignment is as follows. Average speed was based on forty-two subjects along the sections with pavement markings
Selection of High-Risk Drivers Through Questionnaire
After being tested in the driving simulator, the forty-two subjects participated in the questionnaire survey. The respondents' ages ranged from their twenties to their seventies. Surveys for the elderly drivers, those over sixtyfive, were conducted by face to face interviews to aid them in understanding the questions. The respondents were asked to answer some questions about their driving experiences relating to law-abidance and risk sensitivity. The questions related to law-breaking and risk sensitivity were associated with the drivers' negative attitude.
The Questionnaire consisted of ten questions about respondents' personal behavior relating to risk sensitivity and law-abidance. These questions were collected from the Questionnaire for Drivers' Character and Behavior (Road Traffic Safety Authority, 1998) and the Questionnaire for Moral Conception and Rules (Park & Jo, 1998) .
The survey divided the forty-two subjects into two groups for each factor (as seen in Table 5 ). Out of forty-two subjects, only those involved in the top 25th percentile and the bottom 25th percentile were selected to classify as subjects using
Interquartile Range (IQR). The median 50th percentile was excluded because of the lack of statistical significance. In Table 5 , higher numbers mean lower law-abidance.
DATA ANALYSIS
Basic Information on Subjects
Forty-two people between the ages of twenty and seventy took part in this experiment by using the driving simulator.
The average age of the subjects was forty-two years old. Out of the forty-two subjects, thirteen of them were in their twenties while nineteen of them were over sixty.
Aanalysis of Law-abidance and Driver's Risk Sensitivity
The Independent Samples T-Test was carried out to attain the mean difference between law-abiding drivers and law-breaking drivers. The results demonstrate that lawbreaking behaviors correlate with speeding in the driving simulator. The average speed for law-abiding drivers was 39.6mph (63.1km/h), but the average speed for law-breaking drivers was 48.4mph (77.42km/h). The results are statistically significant (t=-2.23, p<0.05).
As mentioned above, low-risk drivers sometimes enjoy driving dangerously for a brief thrill; however, they are unable to cope with the possible risks in different traffic situations compared to high-risk drivers. As seen in Table 7, the results reveal that high-risk drivers showed relatively higher speeding compared to the low-risk group. The average speed for low-risk drivers was 36.5mph (58.34km/h), but the average speed for high-risk drivers was 49.0mph
(78.42km/h). The results are statistically significant (t=-4.26, p<0.001).
Average Speeds Between Groups by Pavement Markings
The Independent Samples T-Test was carried out to attain the mean difference of average speeds between the two groups (law-abiding and law-breaking) by pavement marking. Statistically, the effectiveness of speed reduction of several sections was different at a 95 percent confidence level. Speeds on Transverse Lines, Peripheral Transverse Markings (as seen in Table 9 ).
DISCUSSIONS and CONCLUSION
Drivers improper behavior can lead to fatal crashes; therefore, this study focused on how drivers risk sensitivity and law-abidance affect speeding. In this study, drivers with deficiencies in risk sensitivity and drivers that violate traffic regulations tended to drive faster than other drivers. One problem is that low-risk sensitivity drivers seem apt to act emotionally, so they cannot correctly judge whether their behavior is dangerous. Also, law-breaking drivers displayed relatively higher speeds. This suggests that they could potentially lead to more serious car accidents than other groups.
Statistical analysis was conducted in order to verify how the subjects react to pavement markings in relation to speed.
Looking at the mean difference of average speeds between the two groups of law-abidance (law-abiding and law- This research will require more subjects to provide statistical significance to verify the results. In addition, studies into the psychological effects of the various patterns on highrisk drivers could provide more information. Further research will be required to determine the long term effectiveness of these countermeasures due to concerns over high-risk drivers becoming too accustomed to implemented markings. Lastly, the color contrasts (for example, dark asphalt with white markings) should be considered in further study.
